Purpose: We investigated the vitamin D status of preterm infants to determine the incidence of vitamin D deficiency. Methods: A total of 278 preterm infants delivered at Kyungpook National University Hospital between January 2013 and May 2015 were enrolled. The serum concentrations of calcium, phosphorous, alkaline phosphatase, and 25-hydroxyvitamin D (25-OHD) were measured at birth. We collected maternal and neonatal data such as maternal gestational diabetes, premature rupture of membranes, maternal preeclampsia, birth date, gestational age, and birth weight. Results: Mean gestational age was 33 +5 ± 2 +2 weeks of gestation and mean 25-OHD concentrations were 10.7 ± 6.4 ng/mL. 
Introduction
The importance of vitamin D as a modulator of calcium and bone metabolism is well known, and it also is involved in innate immune system and neuromuscular functions 1) . During infancy, low concentrations of cord blood vitamin D have been associated with increased incidence of neonatal sepsis and respiratory tract infections in the first year of life 2, 3) . Vitamin D deficiency in pregnant women increased the risk of preeclampsia, gestational diabetes, preterm labor, and fetal intrauterine growth restriction 4, 5) . In recent studies, vitamin D concentrations of Korean women were the lowest among studied international groups 6, 7) . In a Korean study by Choi et al. 8) , three-fourths of Korean pregnant women had a risk of vitamin D deficiency and one-fourth had severe vitamin D deficiency (25-hydroxyvitamin D <10 ng/mL). The prevalence of vitamin D deficiency was significantly higher during the first and second trimesters than during the third trimester in pregnant women 8, 9) . The major determining factor for vitamin D concentrations during the fetal and newborn periods is the maternal vitamin D concen-tration 10, 11) . Low maternal vitamin D status predisposed to low neonatal vitamin D status at birth, but infants born to mother with sufficient vitamin D status had a risk for vitamin D insufficiency or deficiency 10, 12) . These observations suggest that Korean newborns, particularly preterm infants, might have a significant risk of vitamin D deficiency.
We investigated the vitamin D status of preterm infants to determine the incidence of insufficiency or deficiency.
Materials and methods

Subjects
A total of 278 preterm infants (<37 weeks of gestation) who were delivered at Kyungpook National University Hospital (latitude 35.87ºN) between January 2013 and May 2015 were enrolled. Infants with major congenital anomaly or chromosomal abnormality were excluded. Blood samples obtained from infants more than 1 hour after birth also were excluded. The study was approved by the institutional review board of Kyungpook National University Hospital and was given a waiver of informed consent.
Assessment of vitamin D status
The concentrations of serum calcium, phosphorous, alkaline phosphatase (ALP) and 25-OHD were measured from cord blood or blood samples obtained within 1 hour after birth. The serum concentrations of 25-OHD were measured using radioimmunoassay (DIAsource 25OH-Vit.D3-Ria-CT kit, DIAsource ImmunoAssays S.A., Louvain-la-Neuve, Belgium).
In the present study vitamin D deficiency was defined as 25-OHD concentration<20 ng/mL; vitamin D insufficiency, 20 ng/ mL<25-OHD concentration<30 ng/mL; and vitamin D sufficiency, 25-OHD concentration≥30 ng/mL. We categorized severe vitamin D deficiency as 25-OHD concentrations below 10 ng/mL.
Maternal and neonatal demographic and clinical data
Maternal and neonatal demographic and clinical characteristics were collected through medical record reviews. Maternal clinical data included were maternal age, delivery mode, and pregnancy complications such as gestational diabetes, premature rupture of membranes (PROM), and preeclampsia. Neonatal clinical data included were sex, gestational age, birth weight, length, head circumference and gestational number.
Seasons were divided as spring (March to May), summer (June to August), fall (September to November), and winter (December to February). We categorized groups by gestational age as early preterm (<32 weeks of gestation), moderate preterm (32-33 weeks of gestation) and late preterm (34-36 weeks of gestation). 
Statistical analysis
Results
Population characteristics and vitamin D status
The clinical and demographic characteristics of 278 preterm infants are presented in Table 1 
Vitamin D status according to gestational age
The serum 25-OHD concentrations were not significantly cor related to gestational age (r=-0.034, P=0.573) after controlling for potential confounding factors including season, gestational number, delivery mode, small for gestational age (SGA), and maternal PROM, diabetes and preeclampsia (Fig. 2 ).
There were no significant differences in serum 25-OHD concentrations and incidence of severe vitamin D deficiency among early, moderate, and late preterm infants ( Table 2 ). The serum calcium concentrations were lower in early preterm infants (9.1±1.1 mg/ dL, P<0.001) than in moderate (9.7±0.7 mg/dL) and late preterm infants (9.6±0.7 mg/dL). The incidence of PROM (43.4%) and maternal diabetes (18.9%) was significantly higher in moderate preterm infants than in early and late preterm infants (P=0.004 and P=0.009, respectively).
Comparison of demographic and clinical characteristics between infants with and without severe vitamin D deficiency
There were not significant differences in gestational age, birth weight, head circumference and length of infants with severe vitamin D deficiency compared to infants without severe vitamin D deficiency (Table 3 ). The severity of vitamin D deficiency was not different by the incidence of SGA, cesarean section, maternal diabetes, PROM or preeclampsia. Season and gestational number were associated with severe vitamin D deficiency. In preterm infants with severe vitamin D deficiency, the ratio of twin to singleton (31.0% vs. 69.0%) was higher than that in preterm infants with serum 25-OHD concentrations greater than 10 ng/mL (18.4% vs. 81.6%, P=0.014). In spring and winter, severe vitamin D deficiency was more frequent than in summer and fall (P<0.001). Serum ALP concentrations (203.0±77.5 mg/dL vs. 177.8±50.7 mg/ dL, P=0.001) were significantly higher in preterm infants with severe vitamin D deficiency compared to infants without severe vitamin D deficiency, but serum phosphorous (5.4±0.8 mg/dL vs. 5.6±0.9 mg/dL, P=0.091) and calcium concentrations (9.4±0.8 vs. 9.6±0.8 mg/dL, P=0.110) were not different in both groups.
Factors associated with severe vitamin D deficiency in preterm infants
We analyzed maternal and neonatal potential confounding factors associated with severity of vitamin D deficiency ( infants had vitamin D insufficiency or deficiency, the serum concentrations of calcium, phosphorous and ALP at birth were maintained within the normal range. Growth parameters including height, birth weight and head circumference were not significantly different in infants with severe vitamin D deficiency after controlling for gestational age.
Previous studies have suggested that vitamin D status was affected by factors associated with vitamin D metabolism, including race, latitude, genetic traits, and season 7, 9, 11, 17, 21, 22) . The present study was conducted on an ethnically homogenous group living in the same environment, providing more valuable data to investigate other factors affected vitamin D status. As in previous study reported by Yu et al. 21) , the seasonal variation of 25-OHD concentrations was significant. In spring and winter, severe vitamin D deficiency was more frequent than in summer and fall. The 25-OHD concentrations in September were statistically higher compared to other months. However, among other seasons and compared to that in winter (95% CI, 0.227-0.901; P=0.024). After adjustment for potential confounding factors, gestational number and season of birth were associated with severe vitamin D deficiency. Neonatal factors including gestational age and birth weight, and maternal clinical factors such as PROM, preeclampsia, and diabetes were not significantly associated with severe vitamin D deficiency.
Discussion
In the present study, 98.9% of preterm infants had vitamin D insufficiency or deficiency, and 51.1% of preterm infants were severely vitamin D deficient. These results showed much lower 25-OHD concentrations compared to those reported in previous studies of preterm infants [13] [14] [15] [16] [17] [18] , and also were lower than those in previous reports on Korean newborns 3, 19, 20) . Although almost all Korean J Pediatr 2015;58 (11):427-433 months, there were not significant differences in the incidence of severe vitamin D deficiency and 25-OHD concentrations. Only twin infants were enrolled to represent multiple pregnancies, and twin infants had tendency toward severe vitamin D deficiency compared to single infants. It was not known previously whether the gestational number was correlated to vitamin D deficiency, but gestational number was an important factor contributing to severe vitamin D deficiency in the present study. Very preterm infants had risks of developing vitamin D deficiency compared with full-term infants 13, 14, 18) , but the association between gestational age and vitamin D status remained unclear. In Korean pregnant women, the incidence of vitamin D deficiency was significantly higher in the first and second trimesters compared to that in the third trimester 8) . Considering that maternal vitamin D status is the most important factor determining vitamin D status at birth 10, 11) , it was predicted that the incidence of vitamin D deficiency would be higher in early preterm infants. However, we did not find a significant linear correlation between 25-OHD concentrations and gestational age. Rather, the 25-OHD concentrations were not significantly different according to gestational age. The incidence of severe vitamin D deficiency also was not different in early preterm infants after control for other confounding factors.
Our study reports the lowest 25-OHD concentrations of preterm infants published to date, as far as we have been able to determine. The previous studies involved preterm infants with younger gestational age compared to that in the present study [13] [14] [15] [16] [17] [18] , but the 25-OHD concentrations were much higher than those of preterm infants in the present study. The 25-OHD concentrations were even lower than those of infants in Northern European countries including Norway (12.2±5.5 ng/mL) 23) , and Finland (11.7±4.7 ng/ mL) 24) . The serum 25-OHD concentrations of infants at birth positively correlated with maternal 25-OHD concentrations during pregnancy 10, 18) . Poor maternal vitamin D status and inadequate transplacental transfer at the time of birth are the most important factors for neonatal vitamin D deficiency 18, 25, 26) . Jang et al. 6) and Lips et al. 7) included international groups in their study, which showed that Korean women had the lowest vitamin D status. Choi et al. 8) reported that a majority of Korean pregnant women had vitamin D deficiency. These conditions might influence the low vitamin D status of preterm infants in the present study, and also suggested strongly that maternal vitamin D status during pregnancy was too low to attain adequate fetal vitamin D status for preterm infants. Low maternal concentrations of 25-OHD during pregnancy are known to increase risks of prenatal death, gestational diabetes, preeclampsia, and preterm labor 4, 5) . Although we did not include a comparable number of preterm infants with sufficient vitamin D status, there were no significant differences in 25-OHD concentrations between infants with and without maternal history of diabetes and preeclampsia. Maternal diabetes, preeclampsia, and younger gestational age were not correlated to an increased risk of severe vitamin D deficiency after controlling for other confounding factors.
Our study is the first research into the subject of vitamin D status in Korean preterm infants to best of our knowledge, and the present study showed that almost all preterm infants had vitamin D insufficiency or deficiency. The present study did not include information regarding maternal vitamin D supplementation and maternal vitamin D status during pregnancy, so we could not A limitation of our study was small numbers of early and moderate preterm infants compared to late preterm infants. The serum 25-OHD concentrations of newborns were generally very low, therefore it has limited ability to show the relationship between gestational age and the risk of vitamin D deficiency. Almost all preterm infants were vitamin D insufficient or deficient in the present study and it did not include a comparable group of preterm infants with vitamin D sufficiency, therefore it has limited ability to show the role of vitamin D contributed to neonatal and maternal complications. Although preterm infants with vitamin D insufficiency and deficiency at birth did not develop short-term complications such intrauterine growth restriction and hypocalcemic seizures, the association between vitamin D deficiency at birth and any long-term complications remains to be determined.
In conclusion, 98.9% of preterm infants had vitamin D insufficiency and more than half of them were severely vitamin D deficient. Younger gestational age did not increase the risk of vitamin D deficiency, but gestational number was associated with severe vitamin D deficiency. 
